Supplementary material
2 logarithmic scale the effect of exactly five hits should be five times as large as that of one hits, which is clearly not the case. Hence the presented analysis is of qualitative nature, but we may not expect quantitative agreement with the data.
Cell culture
Normal human foreskin fibroblasts (AG1522D) were purchased from Coriell Institute (Camden, NJ) and used at 20-25 population doublings for all experiments. Cells were cultured under standard conditions (95% air/ 5% CO2, 37°C) in Eagle's MEM (Bio-Whittacker) supplemented with 10% or 15% fetal calf serum (Biochrom) for sub culturing and experiments, respectively. A mycoplasm check was performed regularly and the cells were found to be mycoplasma-free.
Isolation of colonies descending from exposed cells
After incubation during 24 h after exposure in the microbeam chambers, the cells were plated at low density (2 cells/cm 2 ) in 3-5 cell culture dishes (d = 6 cm) per sample and were kept under standard conditions to allow colony formation by single cells.
After two weeks, cells were expanded around 20 generations after exposure. Colonies of cells with high proliferation potential were identified morphologically according to (Bayreuther et al. 1988) as differentiation stages MF I or II and labelled at the bottom side of each dish.
Before staining for assessment of clonogenic survival, the labelled colonies were transferred individually into T-12.5 cell culture flasks using glass cloning cylinders (height 1 cm, d = 0.5 mm) which were sealed with sterilized Vaseline to the cell culture dish. Remaining colonies were stained with methylene blue for determination of clonogenic survival ( Figure 1F ). The clonal isolates, referred to as "colonies", were further expanded for 10-14 days, supplied with fresh medium every 3-4 days and, upon reaching confluence, reseeded for chromosome preparations, determination of the differentiation pattern or quantification of proteins.
Assessment of clonogenic survival
Clonogenic survival experiments after X-ray and broadfield irradiation were performed as described previously (Fournier et al. 2001) , apart from plating the cells not immediately but after incubation for 24 h after irradiation. Briefly, cells were reseeded in triplicates and cell density was chosen in order to obtain 100 colonies per T-75 flask after 14 days. Cells were stained with methylene blue and colonies consisting of more than 50 cells were counted as were delivered (corresponding to 1 Gy per irradiated nucleus). In Figure 1E this is indirectly demonstrated by staining with the DNA damage marker γH2AX staining 30 minutes after irradiation. A typical irradiation procedure of one chamber took about 15 minutes in total including the cell detection by UV microscopy. All controls of the microbeam experiments were mock-irradiated, including UV exposure for recognition.
Calculation of the dose/ nucleus delivered by targeted irradiation
The corresponding doses were calculated assuming track segment mode by use of the formula:
Dose (Gy) = 1.6 x 10 -9 x F (particles/cm 2 ) x LET (keV/ m) Traversals/ nucleus = F (particles/cm 2 ) x A (cm 2 /nucleus) F is the particle fluence and A the average cell nucleus cross-sectional area. The dose corresponding to 1 traversal/ nucleus is calculated by this formula using F = 1 particle/ nucleus = 0.00526 particles/ m 2 .
Statistical analysis
Statistical analysis for clonogenic survival experiments was performed as follows: For X-ray and carbon ion broadbeam irradiation, the values for multiple plating (triplicates) were averaged to obtain the survival level for each sample (n). If multiple independent measurements (samples) for a given dose point were available, survival was calculated as the mean of the individually observed survival levels. Consequently, the error bars were obtained by an error propagation of survival standard deviations for both the irradiated samples and the controls.
For microbeam irradiation, no multiple plating was performed. A higher number of independent samples was irradiated (n = 4-16 per experiment and data point). The same error propagation as depicted above was performed. Note that 3 independent experiments contributed and therefore the error bar equals the standard error of the mean. 
